Background: Plant essential oils play prominent roles as flavoring agents in the food industry and as fragrances for the perfume industry. The World Health Organization has recommended that traditional plants used for the treatment of diseases need further scientific investigation on their toxic side effects. Objectives: The current study was conducted to evaluate the histopathological effect of three plants' essential oils that could be used as insecticides. Methods: Thirty adult male albino mice were divided into five groups. Group I was considered as a control group. Group II, III and IV received cinnamic aldehyde, benzyl alcohol and eugenol essential oils respectively. For comparison with the tested essential oils, Group V received the organophosphorus insecticide dimethoate. Results: Histological examination of liver and renal cortex of animals received the essential oil cinnamic aldehyde or benzyl alcohol revealed a nearly normal histological structure of hepatic parenchyma by Hematoxylin and eosin stain, and normal collagen distribution demonstrated by Gomori's Trichrome stain. Examination of the group IV treated with eugenol revealed few focal areas of degeneration in hepatic parenchyma and in some renal tubules. On the contrary, mice treated with dimethoate manifested severe affection of the hepatic parenchyma with characteristic hepatic zonation and many degenerated cells, pyknotic nuclei and vacuolated cytoplasm in addition to intense cellular infiltration. Thyrodization of the renal cortex of dimethoate treated mice was consistent finding in most of the examined specimens. Many convoluted tubules appeared irregular dilated with flattened epithelial lining. Their lumina were occupied by cellular casts and hyaline material. Thickened basement membranes of the renal tubules with disrupted brush border were also observed. Moreover, extensive fibrosis of hepatic parenchyma and renal interstitium were detected in this group treated with dimethoate. Conclusion: the tested essential oils did not demonstrate significant adverse effects on the liver and renal cortex of albino male mice, while the organophosphorus insecticide, dimethoate, had significant hepatotoxic and nephrotoxic effects. Further studies are needed that include more animals and to address other factors such as gender differences, time course, dose response, blood chemistry, and other biochemical targets prior to any recommendation for the usage of any of these chemicals as insecticides.
INTRODUCTION
lants have always been an important source of drugs. A large number of the world's populations, especially in developing countries, depend upon medicinal plants as an alternative and complimentary drug therapy for various ailments. Some of the most common practices involve the use of crude plant extracts, which may contain a broad diversity of molecules with often unknown biological effects. (1) Since medicinal plants are used indiscriminately without notifying to their possible unhealthy or toxic effects, the World Health Organization has recommended that traditional plants used for the treatment of diseases need further scientific investigation on their toxic side effects. (2) Traditionally, essential oils have been used for their biological activities, including antiseptic, analgesic, sedative, anti-inflammatory, spasmolytic, and locally anesthetic properties. (3) Furthermore, they P
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are used in aromatherapy for health improvement due to their sedative or stimulant properties. (4, 5) Plant essential oils are naturally occurring substances often responsible for a plant's distinctive scent or taste. As such, these oils play prominent roles as flavoring agents in the food industry and as fragrances for the perfume industry. (6, 7) Generally of rather complex composition, these oils comprise the volatile principles contained in the plants, differentiating them from "fixed oils." There are about 17,500 aromatic compounds that occur in higher plants. (7) Essential oils accumulate in all types of vegetative organs such as flowers (bergamot tree and tuberose), leaves (citronella, eucalyptus), barks (cinnamon), woods (rosewood, sandal wood), roots (vetiver), rhizomes (turmeric, ginger), fruits (allspice, anise, star anise) and seeds (nutmeg). In most cases, the biological function of the essential oils remains obscure. It is conceivable; however, they have an ecological role. For example, many of the plants' essential oil monoterpenoids are found to possess insecticidal activity as well as attractant, repellent, feeding deterrents, ovipositional stimulant activities and change behavior against various insect species. (8) (9) (10) (11) The essential oil from Cinnamomum species can be extracted easily by hydro distillation. (12) The oil has been widely used as a flavoring agent and additives for centuries in the food industries.
Monoterpenoids of plant essential oils are neurotoxicants against various insect species. (8) They have been shown to inhibit both gamma-aminobutyric acid (GABA) receptors in marine algi (13) , and inhibit acetylcholinesterase (AChE) isolated from different bovine erythrocytes. (14) Previously, the implication of certain G-protein coupled receptors cascade in the mode of action of certain plant essential oil was reported. (8, 9, 15, 16) Based on the usage history of selected plant essential oils, it is speculated that these essential oils provide a good safety profile against mammalian species. For example, cinnamic aldehyde has been used in food industry as flavoring agents, eugenol has been used in fragrance industry, and benzyl alcohol is listed on the USFDA-GRAS (Generally Regarded as Safe) List. Therefore, the current study aimed to address whether these particular plant essential oils induce adverse effects against liver and kidney in laboratory animals.
METHODS
Experimental animals: The present study was carried using 30 adult male albino mice locally bred at the animal house of the High Institute of Public Health, Alexandria University. The mice were 60-70 days old with body weight ranging between 20-30 grams. Their diet was composed of wheat bread mixed with milk.
Test chemicals: Three essential oils: cinnamic aldehyde, benzyl alcohol and eugenol were used in the current study in the form of 5% dust supplied by EcoSmart Technologies, Franklin, TN. An organophosphorous insecticide, dimethoate, with 99.5% purity was used in parallel as a comparison. Animal treatment: The animals were divided into five groups: Group I (control): This group included 10 mice; five of them received no treatment. The remaining five were fed the same volume of the carrier as the treated groups. The carrier, talc powder, was freshly mixed with the food every morning for 15 successive days. Groups II, III, IV: Each of these groups consisted of five mice that received one of the following essential oils: cinnamic aldehyde (group II), Benzyl alcohol (group III), and eugenol (group IV). Animal treatment was initiated by adding 500 ppm of the tested essential oils to the freshly prepared food, including the carrier that was introduced to the animals every morning for 15 successive days. (10) Group V: This group included five mice that received dimethoate in a dose of 10 mg/Kg (17) to the animal food in the same manner as described above for groups II-IV.
On the sixteenth day, each animal was anaesthetized and sacrificed by decapitation. Subsequently, their liver and kidney were rapidly harvested, dissected and cut into 0.5 cm 3 pieces. The cut pieces were further processed into 5-6 µ paraffin sections and stained with the following using the protocols from Drury and Wilington (18) : 1-Routine H&E stain to study the structure of the liver and kidney. 2-Gomori's trichrome stain for demonstration of collagen. 3-Periodic Acid Schiff stain for demonstration of basement membranes.
RESULTS

Liver: H&E stain
The parenchyma of control mice liver (group I) showed a classical pattern of branching and anastomosing cords of hepatocytes radiating from the central veins and limiting the sinusoidal spaces lined by endothelial cells and Von Kupffer cells. The hepatocytes appeared polyhedral with granular eosinophilic cytoplasm and rounded central vesicular nuclei with prominent nucleoli. Some of them were binucleated. Portal areas were seen at the angles of the lobules (Fig 1a, b) . Examination of the specimens from animals fed cinnamic aldehyde (group II) reflected almost normal control pattern of liver parenchyma (Fig 1c, d ). Liver examination of animals fed benzyl alcohol (group III) revealed nearly normal architecture of the hepatic parenchyma in most of the examined specimens. Few cells showed vacuolated cytoplasm. A large number of Von Kupffer cells were obviously seen infiltrating the hepatic sinusoids (Fig  1e, f) . On the other hand, examination of liver obtained from animals fed eugenol (group IV) revealed focal affection of the hepatic parenchyma.
Some areas appeared with a nearly normal pattern of hepatocytes, other illustrated dilated sinusoidal spaces and scattered foci of hepatocytic disarray. The area of disarray showed hepatocytes with indistinct boundaries and abnormal nuclear pattern (Fig 1g, h ).
Severe affection of the hepatic parenchyma was manifested in characteristic hepatic zonation of liver specimens collected from animals fed dimethoate (Group V). The periportal areas showed thickened cords of hypereosinophilic cells with glassy homogenous cytoplasm and indistinct boundaries. Their nuclei appeared shrunken with a dense chromatin pattern. The perivenous area showed completely degenerated cells with pyknotic nuclei and vacuolated cytoplasm, surrounded by intense cellular infiltration in the form of neutrophils and lymphocytes together with an increased number of Von Kupffer cells (Fig 2 a,b,c) .
Effect of test agents on the distribution of collagen fibers in animal's liver
To study whether test agents affected the distribution of collagen fibers in livers of fed mice, liver specimens from control animals and animals fed with test agents were stained with Gomori's trichome and examined. Data demonstrated that control livers reflected the normal distribution of collagen fibers around the central veins and portal areas (Fig 3a,b) . Examination of groups II and III treated with cinnamic aldehyde and benzyl alcohol, respectively, revealed nearly normal distribution of collagen fibers in the examined sections. Group IV mice liver treated with eugenol illustrated a moderate increase in distribution of collagen fibers in the portal area (Fig 3c) . On the other hand, liver specimens of group V mice, animals fed dimethoate, revealed heavy infiltration of the hepatic parenchyma with collagen fibers as demonstrated around the central veins and portal areas (Fig 3d) .
Kidney: H&E stain
Examination of kidney collected from control mice revealed classical structure and architecture of cortical tissue with well-defined renal corpuscles, proximal and distal convoluted tubules (Fig 4a, b) . No histopathological changes were found in animals fed cinnamic aldehyde (group II) as demonstrated by nearly control image (Fig  4c) . However, mild peritubular and pericorpuscular cellular infiltration was seen in-group III (Fig 4d; treated with benzyl alcohol). In addition, few renal tubules showed degenerated cells. Furthermore, examination of kidney from group IV treated with eugenol (Fig 4e) revealed focal affection of the renal tubules. Some of them appeared swollen vacuolated while others appeared flattened. Most of the affected tubules had pyknotic nuclei. Intraluminal cellular debris and extruded cells were seen in the degenerated tubules. Moreover, some renal corpuscles showed widened capsular spaces. Moderate peritubular cellular infiltration was noticed in the affected areas (Fig  4e) . Mice treated with dimethoate (group V) revealed a massive degree of cortical affection. Thyroidization of cortical tissue was manifested. Many convoluted tubules appeared irregular dilated with flattened epithelial lining. Their lumina were occupied by hyaline material. Other convoluted tubules showed various degrees of degeneration ranging from vacuolated cell lining with pyknotic nuclei to complete degeneration with extrusion of their cells in the lumen. Intense peritubular cellular infiltration was evident in all examined samples (Fig 5a-c) .
Effect of test agents on the distribution of collagen fibers in animal's kidney
Examination of control mice renal cortex revealed the normal distribution of fine greenish collagen fibers in the renal interstitium (Fig 6a) . As regard collagen distribution, examination of group II, III and IV mice cortices revealed nearly a control pattern. On the contrary, mice renal cortices of group V reflected extensive fibrosis of renal interstitium with apparent peritubular collagen fibers deposition (Fig 6b,c) .
Periodic Acid Schiff stain (PAS)
Examination of control mice renal cortex revealed positive PAS reaction in the basement membrane and brush border of renal tubules (Fig 7a) . Examination of group II, III and IV revealed nearly normal thickness of the basement membrane and intact brush border of the renal tubules as compared with the control group.
On the other hand, thickened basement membrane and disrupted brush border were encountered in most of the examined samples of mice renal cortices group V (Fig 7b) .
DISCUSSION
The examination of liver and kidney of mice received cinnamic aldehyde revealed a nearly normal histological structure. Considering the fact that cinnamic aldehyde demonstrated larvicidal activity against mosquito (19) and insecticidal activity against American cockroaches (20) , no histopathological effects of this chemical against laboratory mice were demonstrated by the present data. Gautam and Goel found that the histological studies of liver, spleen, kidney, heart, and testis/ovary did not reveal any pathological changes after treatment even with a higher dose of 800 mg dose of ocimum sanctum extract (OSE) when administered for 28 days. (21) The current findings corroborated with the early report by the National Toxicology Program that showed no evidence of toxicity or carcinogenicity of this essential oil. Furthermore, Xuesen et al. reported that histopathological examination of liver, kidney, colon, lung, heart, spleen, and thymus revealed no signs of Flavokawain A (FKA) -induced toxicity after male mice were fed with an AIN-76A diet or AIN-76A diet supplemented with 0.6% (6 g/kg food) FKA or 0.6% commercial kava root extract (KRE) for three weeks. (23) On the contrary, Metero et al. (24) proved that high doses of cinnamaldehyde induced genetic alterations at the chromosomal level, and suggested that the liver was the preferential target of its undesirable effects. Although microscopic examination of livers and kidneys of mice given benzyl alcohol revealed nearly a classical histological structure of the examined specimens which corroborates with the National Toxicology Program (25) , the present study demonstrated increased number of Von Kupffer cells in livers as well as peritubular and pericorpuscular mononuclear cellular infiltration in kidneys. Previously, it was suggested that benzyl alcohol treatment might increase prostaglandin synthesis, which is a critical factor in inflammation, apoptosis, and cell growth processes. (26) There are several contradicting reports with regards to the impact of eugenol on human and animal health. For example, the current study did not demonstrate any remarkable histopathological effects of eugenol on liver and kidney structure, except mild degenerative changes that were occasionally encountered upon examination of livers and kidneys of treated mice. However, eugenolderivatives such as methyleugenol and isoeugenol were reported to be hepatotoxic, nephrotoxic and carcinogenic (27) . In addition, Shakir Ali et al. suggested that eugenolrich fraction (ERF) inhibited the progression of liver fibrosis and development of cirrhosis by ameliorating oxidative stress and inhibiting inflammation, as demonstrated by leukocyte migration. (28) Also Sarikaya reported that eugenol has a promising effect on liver histology in cholestatic liver disease (29) . Also worth mentioning a case of liver failure of a 15-month old child after intake of 10 ml clove oil which contains eugenol, isoeugenol and methyleugenol was reported by Janes el al., (30) In addition, Mizutani et al., (31) suggested that a vinylogous quinone methide formed by metabolic oxidation of eugenol might play a role in inducing hepatotoxicity.
Usta et al., (32) proposed that the mitochondria is the target for the action of eugenol resulting in derangement of mitochondrial functions, particularly at proton transferring sites. On the other hand, some studies suggested a protective role of eugenol against chemical-induced hepatotoxicity.
Krishnaswamy & Raghuramulu (33) , described eugenol as a hepato-protective agent against carbon tetrachloride induced toxicity. This protective role is mediated through inhibition of liver microsomal monooxygenase activities and antiperoxidative activity of eugenol in addition to its role in decreasing O 2 formation. (34) In addition, Hong et al., (35) concluded that pretreatment with eugenol provided complete protection against the agricultural fungicide N-(3, 5-dichlorophenyl) succinimide nephrotoxicity in rats.
Mice treated with dimethoate revealed massive hepatic and renal degeneration, cellular infiltration and fibrosis. Similarly, Kwape et al. found that lipid peroxidation induced by dimethoate has caused a significant change in liver histological features like widened sinusoids and reduced number of hepatocytes, necrosis and tissue degeneration. (36) John et al., (37) concluded that dimethoate intoxication has been shown to produce oxidative stress. The basis of dimethoate toxicity as an organophosphorous insecticide in the production of reactive oxygen species (ROS) is due to two main mechanisms. The first is its -redox-cycling‖ activity as it easily accepts an electron to form free radicals and then transfers them to oxygen generating super oxide anions and thence hydrogen peroxide through dismutation reaction. The second mechanism is through generation of free radicals potentially due to the alteration in the normal homeostasis of the body resulting in oxidative stress, provided the requirement of continuous anti-oxidants is not maintained. Due to an induction, the efforts of the endogenous antioxidant enzymes to remove the continuously generated free radicals initially increased, but after later enzyme depletion, resulting in oxidative cell damage occurs. Typically, when the generation of reactive free radicals overwhelms the antioxidant defense, lipid peroxidation of the cell membrane occurs. Lipid peroxidation causes disturbance in cell integrity leading to cell damage/death . (38, 39) This was recently further proven by Sharma et al., (40) who indicated an increase in hepatic cytochrome P450, lipid peroxidation, catalase, superoxide dismutase, glutathione peroxidase and glutathione reductase in liver and brain in dimethoate-intoxicated rats.
The thyroidization of renal cortices with increased incidence of hyaline droplets and granular casts that was observed in the renal tubules of dimethoate-intoxicated mice was previously described as one of the microscopic features of end-stage renal disease. Cigremis et al., (41) correlated similar histological feature with the oxidative burst in rat kidney by increasing the formation of reactive oxygen species and elevation of reduced glutathione (GSH) and malondialdehyde (MDA) levels. Moreover, Yamazaki et al., (42) attributed it as an example of alpha 2v-globulin nephropathy. Kaur and Dhanju (43) also reported that dimethoate induced cellular toxicity even after its subchronic administration in low doses for a long period.
The observed excessive hepatic and renal fibrosis in the dimethoate group of the current study corroborated with the work of Reddy et al., (44) who reported that the rates of catabolism of both soluble and insoluble collagens were decreased in higher doses of dimethoate with impairment of crosslinking and maturation of collagen. Moreover, the observed hepatic and renal cellular infiltration in the current work corroborated with the results of Kaur and Dhanju (43) that proved dimethoate toxicity was associated with cellular infiltration.
In conclusion, the tested essential oils did not demonstrate significant adverse effects on the liver and renal cortex of albino male mice, while the organophosphorus insecticide, dimethoate, had significant hepatotoxic and nephrotoxic effects. Further studies are needed that include more animals and to address other factors such as gender differences, time course, dose response, blood chemistry, and other biochemical targets prior to any recommendation for the usage of any of these chemicals as insecticides.
